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INTRODUCTION 
 

Saliva play crucial roles during chewing, swallowing, 

and tasting, and has an important antibacterial effect. As 
we age, the amount of saliva produced decreases, which 

is often considered an aging-associated phenomenon. 

Aging is defined as a time-dependent reduction in the 

physiologic functions of organs [1], and the elderly 

commonly exhibit salivary dysfunction resulting in dry 

mouth [2]. Age-related histological changes in salivary 

glands (SGs) include acinar atrophy, fibrosis, focal 

lymphocytic infiltration, ductal changes (e.g., 

hyperplasia and dilatation [3]), a decrease in the mean 

volume fraction of acini, an increase in the volumes of 
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ABSTRACT 
 

Dry mouth is frequently observed in the elderly, and enhanced lipid accumulation plays a critical role in cellular 
senescence in the salivary gland (SG). We investigated the mechanisms that mediate lipogenesis-associated SG 
senescence. Adult (28.6 ± 6.6 y.o. and 43.3 ± 1.5 y.o.) and aged (82.0 ± 4.3 y.o. and 88.0 ± 4.3 y.o.) human 
parotid and submandibular glands were compared with respect to histologic findings, 8-OHdG (8-hydroxy 2 
deoxyguanosine) expression patterns, TUNEL (Terminal deoxynucleotidyl transferase dUTP nick end labeling) 
and SA-β-gal (senescence-associated β-galactosidase) assay results. Also, microarray analysis was performed on 
RNA extracted from adult and aged SG to identify DEGs (differentially expressed genes). The effects of silencing 
ADIPOQ (Adiponectin) were evaluated by quantifying cell proliferation, immunohistochemical staining for 
cellular senescence and inflammation-associated proteins, SA-β-gal assays, RT-PCR, and western blot. 
Histological findings demonstrated the presence of more lipocytes, chronic inflammation, fibrosis, and 
lymphocytic infiltration in old SG. In addition, old tissues demonstrated higher expressions of SA-β-gal, more 
apoptotic cells in TUNEL assays, and higher oxidative stress by 8-OHdG immunostaining. Microarray analysis 
showed lipogenesis was significantly upregulated in old tissues. Silencing of ADIPOQ (a lipogenesis-related 
gene) reduced inflammation and SA-β-gal levels and increased cell proliferation and the expressions of amylase 
and aquaporin 5 in human SG epithelial cells. The study shows ADIPOQ is a potential target molecule for the 
modulation of lipogenesis associated with SG senescence. 
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vessels and connective and adipose tissues, and an 

increase of inflammatory infiltration [4]. Fatty 

infiltration is a characteristic of Sjögren’s syndrome, 

though aging is similarly associated with fat 

replacement [5]. Furthermore, it was suggested in an 

animal experiment that lipofuscin accumulation and 

secretory granule degeneration might be related to 

reduced SG cellular secretory activity in older rats [6]. 

 

Few reports have been issued on the mechanisms 

responsible for the age-related lipid infiltration of SGs 

or age-related gene expressional differences in the SG 

tissues of young and old adults. Herein, we investigated 

the following: (1) the mechanisms involved in 

inflammaging of SGs, (2) the differential expressions of 

genes in adult and aged SGs, and (3) the molecules 

primarily responsible for cellular senescence of SG. 

 

RESULTS 
 

The proportion of lipocytes in SGs increased with 

age 

 

We compared SG morphologies in the human parotid 

gland (PG) and submandibular gland (SMG) tissues of 3 

adult (28.6 ± 6.6 y.o. in PG and 43.3 ± 1.5 y.o. in SMG) 

and aged (82.0 ± 4.3 y.o. in PG and 88.0 ± 4.3 y.o. in 

SMG) subjects. Hematoxylin and eosin (H&E) stained 

images of the human PG and SMG are shown 

in Figure 1A and the positive area of adipocyte, 

leukocyte infiltration, and acinar cells are quantified in 

Figure 1B–1D, respectively. Age-related SG change 

was assessed by determining the proportion of lipid 

droplets. The histological findings in old SGs 

demonstrated the presence of more lipocytes, chronic 

inflammation, fibrosis, and foci of leukocyte 

infiltration. Adult SGs exhibited a dense packed lobular 

acinar structure and well-organized ductal alignment, 

whereas aged SGs exhibited atrophied acinar cells and 

lipocyte and leukocyte infiltration. 

 

Age-related SG morphologic changes were associated 

with apoptosis and oxidative stress 

 

During aging, substantial acinar cell loss occurs in SGs, 

and lipocytes accumulate in areas of loss. We found 

significant acinar cell loss and increases in 8-hydroxy-

2′-deoxyguanosine (8-OHdG, a critical biomarker of 

oxidative stress) expression and apoptosis in aged SG 

tissues (Figure 2A), and more cellular senescence β-

galactosidase (SA-β-gal) expression in aged PG and 

SMG tissues. Quantitative analysis also showed that the 

proportion of SA-β-gal positive senescent cells 

increased with age (P < 0.01, Figure 2B). TUNEL 

(terminal deoxynucleotidyl transferase dUTP nick end 

labeling) assays demonstrated old SG tissues contained 

more apoptotic cells than young tissues (P < 0.05, 

Figure 2C). Furthermore, immunohistochemical (IHC) 

staining for 8-OHdG was significantly greater in old SG 

tissues (P < 0.005, Figure 2D). 

 

Differentially expressed genes (DEGs) in young and 

old SG tissues 

 

To determine whether aging alters gene expressions, we 

subjected young and old SG tissues to microarray 

analysis. Fifteen DEGs in PG and 31 in SMG exhibited 

absolute fold changes of > 2 (P < 0.05, respectively). In 

aged PG tissues, 7 of the 15 DEGs were upregulated 

and 8 were downregulated (P < 0.05), and in aged SMG 

tissues, 21 of the 31 were upregulated and 10 were 

downregulated. The top 10 DEGs are listed in Table 1. 

The functions of these DEGs were determined by Gene 

Ontology analysis and a comprehensive literature 

review [7–22]. All DEGs (fold changes of > 1.5, p < 

0.05) in PG and SMG were listed in Supplementary 

Figures 1 and 2. 

 

KEGG pathway analysis of DEGs 

 

To explore the molecular mechanism of salivary gland 

aging, we performed enrichment analysis using Kyoto 

Encyclopedia of Genes and Genomes (KEGG) 

database. KEGG is a comprehensive database that 

integrates genomic, chemical, and systemic functional 

information better to understand the molecular response 

networking of coding genes. The data showed that these 

DEGs of aged PG were enriched in metabolic pathway, 

MAPK signaling pathway, Oocyte meiosis, Toll-like 

receptor signaling pathway, And the DEGs of aged 

SMG were enriched in metabolic pathway, RAS 

signaling pathway, phagosome, hematopoietic cell 

lineage, rheumatoid arthritis (Figure 3). 

 

ADIPOQ was associated with SG aging  

 

ADIPOQ is commonly expressed in submandibular 

glands, and IHC staining showed it was upregulated in 

aged PG and SMG (Figure 4A). Quantitative analysis 

also showed ADIPOQ was significantly upregulated in 

aged SG tissues (P < 0.05, Figure 4B). 

 

ADIPOQ regulated cellular senescence 

 

To examine SG cell senescence, we compared the 

expressions of SG functional proteins in primary 

cultured cells isolated from adult and aged healthy SG 

tissues. Significantly more SA-β-gal positive cells were 

detected in primary cells cultured from aged SG tissues 
(P < 0.05, Figure 5A). And the proliferation rate of the 

aged cells was significantly lower than that of the adult 

cells as shown in Figure 5B. Also, Western blot and 
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Figure 1. Hematoxylin and eosin (H&E) stained tissue sections showing age-related morphological changes in human 
parotid and submandibular glands. (A) The morphology of adult and aged salivary glands, bar size: upper (200 um), lower (50 um).  
(B–D) The quantifications of lipocyte, leukocyte infiltration and acinar area. Results are presented as the mean ± SD and T-test was 
performed for statistical analysis **p < 0.01, *p < 0.05. 
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Figure 2. Cellular senescence in human salivary gland tissue. (A) β-Galactosidase assay, TUNEL assay, and the expression of 8-OHdG. 
(B) Quantitation of β-galactosidase positive areas. (C) Quantitative analysis of TUNEL (terminal deoxynucleotidyl transferase dUTP nick end 
labeling) positive areas. (D) Quantitative analysis of 8-OHdG (8-hydroxy-2' -deoxyguanosine) positive areas. Results are presented as the 
mean ± SD and T-test was performed for statistical analysis ****p < 0.0001, ***p < 0.001, **p < 0.01. 
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Table 1. Results for differentially expressed genes. 

 Gene Regulation 
Fold change  

(old vs. young) 
P value Functions 

SMG 

CSN3 Up 3.877379 0.0029 Neural differentiation [9] 

ODAM Up 3.621289 0.0246 Cell adhesion [10] 

ZCWPW2 Up 3.485096 0.0033 − 

ADIPOQ Up 3.281488 0.0358 
Lipid metabolism, insulin sensitivity [17], 

autophagy [16]  

PLIN1 Up 2.753045 0.0409 Inflammation, lipid metabolism [14] 

TRDJ4 Up 2.563580 0.0135 − 

PEG10 Up 2.513301 0.0212 Carcinogenesis [13] 

DMBT1 Up 2.477414 0.0082 
Cell growth [12], inflammation, innate 

immune process [11] 

LCN2 Up 2.469396 0.0076 Apoptosis, iron uptake [7] 

RPL23AP7 Up 2.445967 0.0277 − 

PG 

IGHM Up 6.968879 0.0158 Immune response [22] 

LOC101927120 Up 2.908335 0.0427 − 

SLC7A5 Up 2.841554 0.0086 Transporter, inflammation [18] 

KRTAP5-2 Up 2.203520 0.0204 − 

SNORD37 Up 2.157255 0.0130 − 

KRT6B Up 2.069454 0.0158 Apoptosis [19], cell migration [15] 

SERPINA5 Up 2.015452 0.0048 
blood coagulation [8], spermatogenesis 

[20] 

CES1P1 down 2.259019 0.0437 − 

RNU12 down 2.211497 0.0095 − 

SCD down 2.145316 0.0435 Lipid metabolism [21] 

 

RT-PCR showed aged SG cells expressed significantly 

more ADIPOQ but less aquaporin 5 than adult SG cells 

(Figure 5C, 5E, 5G, 5I and 5F). The mRNA level of 

amylase was decreased in aged SG cells, but the protein 

level of amylase was similar in adult and aged SG cells 

(Figure 5D, 5H and 5F). Uncropped western blot 

images were provided as Supplementary Figure 3. 

 

Silencing of ADIPOQ increased cell proliferation and 

suppressed SG cell dysfunction and proinflammatory 

reactions 

 

To examine the functional role of ADIPOQ, we silenced 

its expression in human SG epithelial cells using siRNA 

(Figure 6C and 6G, P < 0.05, Figure 6F). ADIPOQ 

siRNA-treated aged SG cells exhibited significantly fewer 

SA-β-gal positive cells than adult cells treated with 

scrambled siRNA (p < 0.05, Figure 6A). Furthermore, 

ADIPOQ siRNA-treated SG cells proliferated significantly 

more than scrambled siRNA-treated SG cells (P < 0.0001 
and P < 0.001, Figure 6B). We also studied the 

expressions of the SG functional molecules amylase and 

aquaporin 5 by Western blot and qRT-PCR and found the 

expressions of both were higher in ADIPOQ siRNA 

treated SG cells than in scrambled siRNA treated SG cells 

(Figure 6D, 6E, 6H and 6I, P < 0.001). 
 

RT-PCR showed that IL-8 and p16 mRNA levels in SG 

primary cultured cells were significantly lower in 

ADIPOQ siRNA transfected cells than in scrambled 

siRNA transfected cells (P < 0.05, Figure 7A and 7B). 

The IL-8 protein expression level was significantly 

lower in ADIPOQ siRNA transfected cells than in 

scrambled siRNA transfected cells (Figure 7D, P < 0.05 

and Figure 7C). Furthermore, ADIPOQ knockdown 

tended to reduce the expression of p21 in human SMG 

primary cultured cells (Figure 7E and P = 0.09, Figure 

7C). Uncropped western blot images were provided as 

Supplementary Figures 4 and 5. 
 

DISCUSSION 
 

Dry mouth leads to swallowing difficulties, oral cavity 

infections, and poor quality of life and is strongly 

associated with SG dysfunction, and aging is associated 

with secretory acinar cell dysfunction and lipid 
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accumulation in SGs. Although several reports have 

been issued on age-induced lipid accumulation in SGs 

[3–5, 22], no study has investigated the mechanisms and 

effects of age-related lipocyte infiltration-related genes 

in SGs. In this study, we aimed to identify age-related 

morphologic changes in SGs and the mechanisms 

responsible. In addition, we identified age-related DEGs 

in the aged SG tissues and confirmed the effects of 

ADIPOQ on aging-related SG fatty replacement. 

 

We previously showed that in mice, age-related SG 

changes are accompanied by reductions in saliva 

production and excretion [2]. Regarding morphologies, 

the SGs of old mice exhibited atrophied acinar cells, 

 

 
 

Figure 3. KEGG pathway analysis of DEGs derived from comparison of adult and aged salivary glands. 
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fibrotic ductal cells, and lymphocyte infiltration [2]. 

Syrjanen et al. demonstrated that the adipose tissues of 

the labial SGs of healthy adults increase significantly 

with age [23], and Dayan et al., in a human palatal  

SG histomorphometric study, reported age-induced 

increases in inflammatory infiltrates in blood, lymph 

vessels, and adipose and connective tissues [4]. In the 

present study, the proportions of fibrotic periductal and 

atrophied acinar cells and lipocytes were found to be 

greater in old SG tissues, which is consistent with 

previous results. 

 

Age-associated acinar cell atrophy and leukocyte 

infiltration in SGs are considered results of chronic 

inflammation and increased apoptosis [2, 24], and we 

also observed a more significant proportion of TUNEL-

positive cells in aged SG tissues. Furthermore, oxidative 

stress caused by ROS is associated with inflammation 

[25], and Knas et al. revealed a connection between 

oxidative stress and SG dysfunction in diabetic SG 

tissues [26]. In another study, accumulated lipocytes in 

the parenchyma of SGs released monocyte chemo-

attractant protein-1, and thus, promoted the 

transformation of monocytes to macrophages [27], 

which release proinflammatory cytokines, promote 

inflammation, and are capable of producing large 

amounts of ROS [26]. Also, age-related SG lipid 

infiltration may be similar mechanistically to fatty liver-

induced cellular damage [25]. Lipid accumulation 

impairs the oxidative capacity of mitochondria, 

produces excessive ROS, and causes SG morphological 

changes [28]. In the present study, we found levels of 

the oxidative stress marker 8-OHdG were significantly 

higher in aged SG tissues, suggesting oxidative stress 

may be age-associated. 

 

A comparison of the microarray data of adult and aged 

PG and SMG tissues revealed 15 and 31 DEGs, 

respectively. We focused on one of these genes, that is, 

ADIPOQ, because of its relevance in lipid accumulation. 

Adiponectin is a multifunctional hormone secreted 

by adipose tissues [29]. In particular, it regulates 

energy metabolism and inflammation [30–33] 

and is also involved in the regulation of apoptosis in 

various cell types [34]. However, few studies have 

examined the role of adiponectin in SG cells. Ding et al. 

suggested adiponectin promotes SG secretion by 

modulating tight junctions and that it also functions as a 

promoter of salivary secretion in rat submandibular 

glands by activating adiponectin receptors (AdipoRs) 

 

 

 
 

Figure 4. Immunohistochemical (IHC) staining of ADIPOQ in adult and aged human salivary gland tissues. (A) IHC staining of 

ADIPOQ in adult and aged parotid and submandibular gland tissues (B) Quantitative analysis of ADIPOQ expression in adult and aged 
parotid and submandibular gland tissues Results are presented as the mean ± SD and T-test was performed for statistical analysis *p < 0.05. 



www.aging-us.com 1847 AGING 

via AMPK (adenosine monophosphate activated 

protein kinase) activation [29]. A few studies have 

reported adiponectin and AdipoRs are expressed in 

salivary gland tissues [35, 36] and in those patients 

with Sjogren’s syndrome, minor salivary gland 

epithelial cells secrete more adiponectin than normal, 

which suggests that adiponectin and AdipoRs 

expressed in SGs can regulate inflammatory reactions 

[36, 37]. We checked the expression of AdipoR1 on 

human PG and SMG, and the AdipoR1 was strongly 

expressed in the duct of the salivary gland tissues 

shown in Supplementary Figure 6, suggesting the 

possibility that ADIPOQ bind to AdipoR1 in ductal 

cells to modulate several aging-related biological 

functions. Adiponectin is known to have pro-

inflammatory and anti-inflammatory effects and has 

been reported to plFay proinflammatory roles in 

chronic inflammatory and autoimmune diseases such as 

rheumatoid arthritis, chronic kidney disease, and 

inflammatory bowel disease [38]. Miyagi et al. reported 

hyposalivation in the submandibular glands of aged 

mice and showed that this involved cell senescence, 

lymphocyte infiltration-related chronic inflammation, 

and reduced aquaporin 5 expression [39]. These 

findings are consistent with the concept of 

“inflammaging” meaning that lymphocyte deposition-

related chronic inflammation is associated with aging 

[40]. In this study, we found that when ADIPOQ 

siRNA was administered to human SG cells, they 

proliferated more, proportions of senescent cells were 

lower than in non-treated controls, and amylase, 

aquaporin 5, and proinflammatory marker levels 

normalized. These observations suggest adiponectin 

might modulate age-associated chronic inflammation. 

 

There is some limitation in this study. The number of 

samples are a little bit small. Extraction of the samples 

from more than 80 years old is not easy, and some cases 

are excluded due to failure of RNA QC. Further 

research is needed to prospectively validate our data. 

 

In conclusion, our histologic study of chronic 

inflammation and lipid infiltration ratios were elevated 

in aged SG tissues. We tentatively suggest that the 

 

 
 

Figure 5. Cellular senescence and the expressions of aging-related functional proteins in primary cultured salivary gland 
(SG) cells. (A) β-Galactosidase stained adult and aged primary cultured SG cells. (B) The proliferation rate of adult and aged human SG 
cells. (C–E) The mRNA expressions of ADIPOQ, amylase, and AQP5 in adult and aged human parotid and submandibular gland tissues. (F–I) 
The protein expressions of ADIPOQ, amylase, and AQP5 in adult and aged human parotid and submandibular gland tissues. Results are 
presented as the mean ± SD and T-test was performed for statistical analysis, ***p < 0.001, **p < 0.01, *p < 0.05. 
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Figure 6. Silencing of ADIPOQ reduced cellular senescence and enhanced the proliferation and expression of salivary 
functional proteins. (A) β-Galactosidase assays of scrambled-siRNA and ADIPOQ-siRNA transfected primary cultured SG cells. (B) 

Proliferations of ADIPOQ-siRNA and scrambled siRNA treated SG cells. (C–E) The mRNA expressions of ADIPOQ, amylase, and AQP5 in ADIPOQ-
siRNA and scramble-siRNA treated SG cells. (F–I) The protein levels of ADIPOQ, amylase and AQP5 in ADIPOQ-siRNA and scramble-siRNA 
treated SG cells. Results are presented as the mean ± SD and T-test was performed for statistical analysis, ****p < 0.0001, ***p < 0.001, *p < 0.05. 

 

 
 

Figure 7. Effects of ADIPOQ gene knockdown on inflammatory factors. (A, B) Expressions of IL8 and p16 (proinflammatory genes) 

in ADIPOQ silenced cells. (C–E) Expressions of IL8 and p21 (a proinflammatory protein) in ADIPOQ silenced cells. Results are presented as 
the mean ± SD and T-test was performed for statistical analysis *p < 0.05. 
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mechanisms responsible for these morphological 

changes are apoptosis and oxidative stress. 

Interestingly, adiponectin was identified as an age-

related DEG in old SG tissues by microarray analysis. 

Also, the observation that ADIPOQ knockdown by 

siRNA transfection increased the expressions of 

amylase and AQP5 implies adiponectin is involved in 

SG aging through lipogenesis. These findings indicate 

adiponectin is a potential target for the treatment of age-

related SG dysfunction and chronic inflammation. 

 

MATERIALS AND METHODS 
 

Preparation of human parotid and submandibular 

gland tissue specimens for cDNA microarray 

analysis 

 

Human parotid gland and human submandibular gland 

tissues were obtained from patients that underwent 

parotidectomy for a benign parotid tumor. Tissue 

samples were examined by a pathologist, who excised 

normal tissues for cDNA microarray analysis. Human 

parotid gland and submandibular gland tissue samples 

from adult (28.6 ± 6.6 y.o. and 43.3 ± 1.5 y.o., 

respectively) and aged (82.0 ± 4.3 y.o. and 88.0 ± 4.3 

y.o., respectively) subjects were examined and 

processed (n = 3, each). For the histopathological 

study, excised human parotid gland and human 

submandibular gland tissues were fixed in a 4% 

paraformaldehyde phosphate buffer solution, embedded 

in paraffin, and stained with H&E. In addition, clinical 

data (age, sex, and BMI) were retrospectively reviewed 

and summarized in Supplementary Table 1. All 

specimens were collected after obtaining informed 

consent and institutional review board approval (INHA 

18 0503-560). 

 

cDNA microarray analysis 
 

Total RNAs from adult and aged SG tissues were 

extracted using the RNeasy Mini kit (Qiagen, 

Germany). RNA purity (The values of 1.7–2.2 of 

260/230 and 260/280 ratio) and integrity (RIN >7) were 

confirmed using an ND-1000 Spectrophotometer 

(NanoDrop Technologies, Inc., Wilmington, DE, USA) 

and an Agilent 2100 Bioanalyzer (Agilent 

Technologies, Palo Alto, CA, USA). The Affymetrix 

Whole Transcript Expression array process was 

performed according to the manufacturer’s instructions 

(GeneChip Whole Transcript PLUS reagent Kit). cDNA 

was synthesized using the GeneChip WT (Whole 

Transcript) Amplification kit. Sense cDNA was 

fragmented and biotin-labeled with TdT (terminal 

deoxynucleotidyl transferase) using the GeneChip WT 

Terminal labeling kit. Approximately 5.5 μg of labeled 

target DNA was hybridized to the Affymetrix GeneChip 

Human 2.0 Array for 16 hours at 45°C. Hybridized 

arrays were then washed and stained on a GeneChip 

Fluidics Station 450 and scanned using a GCS3000 

Scanner (Affymetrix). Signal values were computed 

using Affymetrix® GeneChip™ Command Console 

software. Data were summarized and normalized using 

the robust multi-average (RMA) method implemented 

in Affymetrix® Power Tools (APT). DEG analysis was 

performed using gene-level RNA analysis results. 

Statistical significances of expressional differences 

were determined using the independent t-test. The false 

discovery rate (FDR) was controlled by adjusting p-

values using the Benjamini-Hochberg algorithm. To 

produce a DEG set, Hierarchical cluster analysis was 

performed using complete linkage and Euclidean 

distance as a measure of similarity. Gene-Enrichment 

and Functional Annotation analyses for the DEGs  

list using Gene Ontology (http://geneontology.org)  

and KEGG (http://kegg.jp). Data analysis and DEG 

visualization were conducted using R 3.3.3 

(http://www.r-project.org). 

 

Histological analysis and immunohistochemistry 

 

Human PG and SMG tissue sections were dewaxed, 

hydrated, stained with H&E, and examined under a 

digital microscope (Olympus, Japan). The IHC study 

was performed as previously described [41] using 

antibodies for ADIPOQ, b-galactosidase, and 8-OHdG 

(1:1000; Santa Cruz, CA, USA). A blinded examiner 

evaluated three random fields per section, and stained 

areas were measured in pixels using Image J software 

(MD Anderson Cancer Center, TX, USA). 

 

Terminal deoxynucleotidyl transferase dUTP nick 

end labeling (TUNEL) assay 

 

Apoptosis in human SG tissues was identified by 

TUNEL staining using an in-situ Cell Death Detection 

Kit (Roche, Germany). Numbers of apoptotic cells were 

quantified by digital microscopy (Olympus, Japan), and 

apoptotic indices were calculated using three random 

fields per sample. 

 

Cell culture 

 

For human SG epithelial cell culture, a small portion of 

non-tumor bearing gland tissue was washed with HBSS 

containing 1% antibiotics, chopped with a pair of fine 

scissors for 7 min, enzymatically digested with 0.25% 

collagenase type B (2.5 mg/mL) and DNase I 

(1 mg/mL) with gentle shaking at 37°C for 30 minutes, 

filtered through a 70 μm cell strainer, and centrifuged at 
1500 rpm for 3 min. Cells were plated on a culture dish 

in Keratinocyte serum-free medium (Gibco, USA) 

containing L-glutamine, 2.5 μg of EGF (epidermal 

http://geneontology.org/
http://kegg.jp/
http://www.r-project.org/
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growth factor), 0.09 mM CaCl2, and 1% antibiotics and 

incubated in a 5% CO2 atmosphere at 37°C. 

 

RNA interference 

 

Small interfering RNAs (siRNAs) targeting ADIPOQ 

(Forward: 5′-CCA UGA CAC CAA CUG AUC AUU-

3′, Reverse: 5′-UGA UCA GUU GGU GUC AUG 

GUU-3′) and scrambled siRNA (Forward 5′-CCU CGU 

GCC GUU CCA UCA GGU AGU U-3′, Reverse:  

5′-CUA CCU GAU GGA ACG GCA CGA GGU U-3′) 

were purchased from Genolution (Seoul, Korea). SG 

cells were transfected with 40 nM of siRNA using  

G-fectin transfection reagent (Genolution) for 72 hr, and 

protein levels were assayed 72 hr after transfection. 

 

Proliferation assay 

 

After treating SG cells with siRNA for 72 hr, cells were 

detached, and plated in a 96-well plate in 100 μL 

complete medium at a density of 4 × 103 cells/well and 

cellular proliferations were measured at four time points 

(days 0, 1, 3, and 5) by CELLOMAX™ solution 

(PreCareGene, Korea). On each day, cells were treated 

with CELLOMAX™ solution and incubated for one 

hour at 37°C in 5% CO2. Absorbance was read at 450 

nm with a microplate reader (Molecular Devices, USA). 

 

Senescence-associated β-galactosidase staining 

 

SA-β-gal-positive cells were identified using a 

senescence β-galactosidase staining kit (Sigma Aldrich, 

USA). In brief, fixed SG cells were washed 3 times with 

PBS and incubated with a staining mixture in the 

absence of CO2 for 24 hr at 37°C. Blue-stained cells 

were visualized under a digital microscope, and 

senescent cells were counted in three random fields per 

slide using Image J (MD Anderson Center, USA). 

 

RNA isolation and real time PCR 

 

Total RNA was isolated from human salivary gland 

epithelial cells using the RNeasy Mini kit (Qiagen, 

Germany), and cDNA was synthesized from total RNA 

using the Tetro cDNA synthesis kit (Bioline, USA). In 

brief, the cDNA reaction mixture was incubated for 30 

min at 45°C, heated for 5 min at 85°C, and cooled to 

4°C. Using cDNA as a template, real-time PCR was 

performed in 96-well plates (Applied Biosystems, USA) 

using SYBR green II Master Mix (Takara Bio Inc., 

Japan) in a StepOne unit (Applied Biosystems, USA) 

using the following program: 95°C for 20 s followed by 

40 amplification cycles of 95°C for 5 s and 60°C for 
20 s. The primers used were: IL-8 forward, 5′-TTT TGC 

CAA GGA GTG CTA AAG A-3′ and reverse, 5′-AAC 

CCT CTG CAC CCA GTT TTC-3′; p16 forward,  

5′-CAA CGC ACC GAA TAG TTA CG-3′, and 

reverse, 5′-CAG CTC CTC AGC CAG GTC-3′; Adipoq 

forward, 5′-CTA TGA TGG CTC CAC TGG TA-3′ and 

reverse, 5′-GAG CAT AGC CTT GTC CTT CT-3′; 

AQP5 forward, 5′-ACT GGG TTT TCT GGG TAG GG 

-3′ and reverse, 5′-GTG GTC AGC TCC ATG GTC 

TT-3′; Amylase forward, 5′-ACA TGG GGC TGG 

AGG AGC CT-3′, and reverse, 5′-TGG TGG CCC 

AAC CCA ATC AT-3′ and β-actin (the endogenous 

control) forward, 5′-AGC TGT GCT ATG TTG CCC 

TG-3′, and reverse, 5′-AGG AAG CAA GGC TGG 

AAG AG-3′. 

 

Western blotting 

 

Cells were homogenized in PRO-PREP™ protein 

extraction solution (iNtRON Biotechnology, Korea), 

incubated on ice for 30 min, centrifuged at 13,000 rpm 

for 10 min at 4°C, and supernatants were collected. 

Primary antibodies for ADIPOQ, amylase, AQP5, p16, 

p21, and GAPDH (all from Santa Cruz Biotechnology, 

1:1000) were used. Goat anti-mouse IgG-HRP was used 

as the secondary antibody (Santa Cruz Biotechnology, 

1:5000). Proteins were visualized using SuperSignal™ 

West Femto Maximum Sensitivity Substrate (Thermo 

Fisher Scientific, USA) using a ImageQunat™ LAS 

4000 unit (GE Healthcare, USA). 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. List of DEGs between adult and aged parotid glands. List of differentially expressed genes (DEGs) 
between adult and aged parotid gland (based on at least a 1.5-fold change and p value < 0.05). 
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Supplementary Figure 2. List of DEGs between adult and aged submandibular glands. List of differentially expressed genes 
(DEGs) between adult and aged submandibular gland (based on at least a 1.5-fold change and p value < 0.05). 
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Supplementary Figure 3. Uncropped western blots of Figure 5F. 

 

 

 

 
 

Supplementary Figure 4. Uncropped western blots of Figure 6F. 
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Supplementary Figure 5. Uncropped western blots of Figure 7C. 
 

 

 
 

Supplementary Figure 6. The expression of AdipoR1 in human salivary gland tissues. 
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Supplementary Table 
 

Supplementary Table 1. The information of patients. 

Tissue Category Patient No. Age Sex BMI 

PG 

Adult 

1 23 F 19.4 

2 27 F 19.0 

3 36 M 31.9 

Mean ± SD 28.6 ± 6.6 − 23.4 ± 7.3 

Aged 

1 77 M 22.0 

2 84 M 25.8 

3 85 F 21.7 

Mean ± SD 82.0 ± 4.3 − 23.2 ± 2.2 

SMG 

Adult 

1 43 M 25.6 

2 42 M 20.3 

3 45 F 22.4 

Mean ± SD 43.3 ± 1.5 − 22.8 ± 2.6 

Aged 

1 86 M 23.0 

2 93 M 20.0 

3 85 F 22.4 

Mean ± SD 88.0 ± 4.3 − 21.8 ± 1.5 

 

 


